T he endocrine cytokine leptin is mainly secreted by white adipose tissue and plasma leptin levels positively correlate with body fat mass. Via its action on neurons in the hypothalamic arcuate nucleus (ARC), leptin regulates body weight by stimulating energy expenditure and inhibiting food intake. The main signaling pathway of the leptin receptor is the JAK2-STAT3 pathway. A recent publication of Huang et al. in Nature Neuroscience shows that leptin's hypothalamic signaling via JAK2 requires the kinase ROCK1 (Rhoassociated coiled-coil-containing protein kinase 1). ROCK1 directly phosphorylates JAK2, and this phosphorylation is required for the JAK2-STAT3 pathway of the leptin receptor. Gene deletion of ROCK1 in ARC neurons targeted by leptin makes these neurons less sensitive to leptin. This is reflected by a pronounced weight gain with hyperphagia, reduced locomotor activity, and increased fat accumulation. In this article we comment on the article of Huang et al. While the mechanism of ROCK1 activation in the neurons remains uncharacterized for the moment, a literature survey suggests that the interplay between ROCK1 and a JAK kinase may be a common theme for receptors that function via a JAK2 and even for other members of the JAK kinase family.
Human obesity is associated with leptin resistance with increased circulating levels of leptin but a decreased sensitivity of the hypothalamus toward leptin's actions. 2 now also demonstrates a critical role of the serine/threonine kinase ROCK1 in hypothalamic leptin signaling. In immortalized hypothalamic GT1-7 cells, ROCK1 phosphorylated JAK2 via a direct ROCK1-JAK2 interaction. Leptin treatment increased this ROCK1-JAK2 association and the concomitant phosphorylation. Dominant negative ROCK1 or a ROCK1 inhibitor both blocked the leptin induced phosphorylation of JAK2 and STAT3, SOCS3 (suppressor of cytokine signaling 3) expression and PI3 kinase-dependent FOXO1 (forkhead box O1) nuclear export. ROCK1 activity thus seems to be required for the leptininduced activation of JAK2. These in cyto experiments were confirmed in vivo. In the hypothalamus of mice, ROCK1 strongly colocalized with phosphorylated STAT3 and the leptin receptor in ARC neurons. Leptin treatment induced ROCK1 activation via the leptin receptor. The role of ROCK1 in hypothalamic leptin sensitivity and body weight regulation could be further confirmed in ROCK1 gene knockout experiments. The main target site of leptin is the arcuate nucleus (ARC) in the hypothalamus, where leptin activates the anorexigenic POMC neurons and inhibits the orexigenic neurons that express agouti-related peptide and neuropeptide Y. Targeted deletion of ROCK1 in POMC is a G protein coupled receptor that activates RhoA and ROCK. 10, 11 Surprisingly, the activation of RhoA/ROCK by angiotensin is mediated by JAK2, which phosphorylates and activates the RhoA GEF ARHGEF1.
10,11 STAT3 has been reported as an imported player in the oncogenic transformation induced by RhoA. 12 RhoA can activate STAT3 in a JAK2-dependent way, and a RhoA-JAK2-STAT3 pathway was proposed for this system, 12 reminiscent of the stimulating effect of ROCK1 on JAK2 in hypothalamic leptin signaling proposed by Huang et al. 2 In summary, it seems that RhoA and ROCK can be placed upstream and downstream of JAK2 in different signal transduction systems and a reciprocal activation may be possible.
It is tempting to speculate that the reciprocal interplay with ROCK1 might apply for other JAK kinases. A direct association between the JAK kinase TYK2 and ROCK1 has been reported. 13 ROCK1 was shown to be activated by JAK1 in carcinoma associated fibroblasts.
14 In these cells, the activated Rho kinase promotes STAT3 phosphorylation, while a ROCK inhibitor reduced phosphorylation of STAT3, in line with a possible reciprocal interplay between JAK1 and RhoA/ ROCK1.
In conclusion, the stimulatory effect of ROCK1 on JAK2 activation reported by Huang et al. 2 provides unexpected new insights in the mechanism of body weight regulation. This finding may very well apply to other JAK-STAT pathways as well, and further mechanistic and physiological investigations are needed to obtain a more comprehensive insight into the role of RhoA and ROCK1 in cytokine signaling. Huang et al. proposed ROCK1 as a possible therapeutic target for obesity treatment. 1 This would require direct or indirect activation of ROCK1. ROCK1 is involved in many physiological and pathophysiological processes and ROCK1 inhibitors are used or tested in treatment of cancer, heart failure, pulmonary hypertension, hemorrhage, neurodegenerative diseases, and diabetes. 15 Activation of ROCK1 for obesity treatment may therefore require a specific targeting to the correct hypothalamic areas to avoid severe side effects.
RhoA (Ras homolog gene family, member A)/ROCK in a JAK2-dependent way in peripheral cells. In chondrocytes, leptin induces a RhoA/ROCK/LIM domain kinase/cofilin-2 pathway that leads to cytoskeletal reorganization. 3 In colon cancer cell lines, leptin was shown to activate RhoA, and this activation is inhibited by the JAK2 inhibitor AG490, suggesting that JAK2 may be upstream of RhoA and ROCK activation in these cells. 4 Leptin induces hypertrophy of cardiomyocytes and vascular smooth muscle cells. 5, 6 In these cells, leptin activates RhoA and ROCK to alter actin dynamics. In rat neonatal cardiomyocytes, this activation was shown to be dependent on JAK2, PI3K and on mTOR, and a JAK2/PI3K/p70/ mTOR/RhoA/ROCK pathway was proposed for RhoA and ROCK activation. 7 These studies all support the activation of ROCK by leptin as reported by Huang et al. 2 and suggest a possible role of JAK2 itself as an upstream activator of ROCK1. The involvement of a JAK2/PI3K/p70/ mTOR/RhoA/ROCK pathway in hypothalamic leptin signaling cannot be excluded. As JAK2 and ROCK1 have been placed upstream and downstream of each other, JAK2 and ROCK1 may mutually enhance each other in leptin signaling.
The effect of ROCK1 on JAK2 signal transduction may apply to other receptors that signal via JAK2, including the growth hormone and Epo receptors. Both receptor systems can activate RhoA in a JAK2-dependent way. Growth hormone was shown to activate RhoA and ROCK in NIH-3T3 cells and the RhoA activation via displacement of RhoA from its negative regulator p190RhoGAP was dependent on JAK2. 8 These RhoA and ROCK activities were shown to be required for the growth hormone induced transcription via STAT5. The Epo receptor is expressed in several cancer cell lines. In a cervical cancer cell line, Epo stimulates activation of RhoA, and this activation is blocked by the JAK2 inhibitor AG490. 9 Cooperation between RhoA and JAK2 has also been reported for systems that are apparently not directly linked to cytokine receptors. Angiotensin II is a strong vasoconstrictor that acts on the blood vessel smooth muscle cells. The angiotensin II receptor neurons induced weight gain due to hyperphagia, and the mice showed hyperleptinemia and mild insulin resistance. The ROCK1 KO POMC neurons lost the increase in neuronal activity normally induced by leptin, further confirming the important role of ROCK1 in leptin signaling. The animals showed a 50% reduction of leptin stimulated STAT3 phosphorylation in the POMC neurons, and intraperitoneal injection of high doses of leptin was unable to inhibit the increased food intake of these animals, confirming that ROCK1 deletion in the POMC neurons induces a leptin-resistant state. Targeted deletion of ROCK1 in the AgRP neurons also induced an increased body weight, and an increased body fat content. Knocking out ROCK1 in the hypothalamic ARC area via adenoviral delivery of Cre in ROCK1 loxP/loxP mice increased food intake and body weight, while adenoviral overexpression of ROCK1 had the opposite effect.
In the study of Huang et al., 2 the activation mechanism of ROCK1 remains unclear. ROCK1 activity in the JAK2/ ROCK1 complex is upregulated by intracerebroventricular or intraperitoneal administration of high doses of leptin, but the leptin fluctuations by fasting and refeeding did not seem to affect ROCK1 activity. It is thus unclear whether physiologically relevant fluctuations in leptin levels are also able to affect the ROCK1 activation status and whether ROCK1 is a downstream target of the activated leptin receptor in a physiologically relevant context. 2 However, the study clearly shows that ROCK1 is a required positive regulator of JAK2 in hypothalamic leptin signal transduction with an important role in body weight regulation. ROCK1 may be implicated in leptin resistance and may even form a future therapeutic target for obesity treatment. 2 Besides its central hypothalamic effects, leptin signals via the leptin receptor on numerous peripheral cell types to modulate diverse functions including bone remodeling, onset of puberty, and immune functions. The role of ROCK1 on JAK2-STAT3 and PI3K signaling probably applies to these peripheral leptin receptor signaling processes as well. Several studies report that leptin activates
